THE EFFECT OF TESTICLE EXTRACT ON RED BLOOD CELLS IN VITRO by Favilli, Giovanni
THE EFFECT  OF TESTICLE  EXTRACT ON RED  BLOOD 
CELLS  IN  VITRO 
BY  GIOVANNI FAVILLI,* M.D. 
(From the Laboratories of The Rockefdler  Institute for Medical Researck) 
(Received for publication, April 14, 1931) 
The experiments of Duran-Reynals  (1, 2)  demonstrating  that  testicle  extract, 
and,  to a  less degree, the extracts of certain other organs  (kidney, skin, etc.) are 
endowed with the property of enhancing the lesions produced by vaccine virus and 
staphylococcus have been  confirmed by McClean  0),  Maitland  (4)  and  others. 
Hoffman (5)  and  Pijoan  (6) extended these  results to many  filtrable viruses and 
bacteria.  The action of testicle extract is not dearly understood, although, since 
the first experiments of Duran-Reynals, it has appeared that the action is on the 
tissues of the animals and not directly on the vaccine virus itself.  Duran-Rey- 
nals  (1)  has demonstrated that vaccine virus, when injected intravenously, local- 
izes very readily in areas of skin previously injected  with testicle extract.  Mc- 
Clean  (3) and Hoffman and Duran-Reynals  (7)  have shown that testicle extract 
increases the spread of inert substances  (India ink)  injected intradermally, prob- 
ably by increasing the permeability of tissues and ceils. 
In  the present paper  some experiments are  reported which were 
undertaken to test the view that the  action of the effective factor in 
testicle  extract  is  upon  the  host  tissue.  Since it  would have been 
difficult to demonstrate directly any modification of the permeability 
of tissues into which the extract had been injected, an indirect method, 
allowing it to act on cells in vitro,  has been chosen.  Red blood cells 
were used for these experiments, since it is possible to observe very 
easily a modification of the permeability of their membranes by means 
of the so called "fragility test." 
Some preliminary tests  were made by mixing  rat  testicle extract 
and rabbit red blood cells, washing the latter and then adding them to 
graded solutions of sodium chloride.  It was found that the fragility 
of the cells was considerably increased.  Later a series of experiments 
was carried out, in which the action of  testicle extracts on red blood 
cells of various species was tested. 
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Method 
All experiments  were  carried  out according to  the following tech- 
nique: 
Testicle and spleen  extracts from rat, rabbit and guinea pig were prepared by 
grinding  the organs with sand in a mortar, and adding an equal weight of 0.9 per 
cent salt solution.  The resulting pulp was immediately centrifuged and only the 
supernatant  fluid  was  used.  Red  cell suspensions  were prepared as usual  by 
centrifuging the defibrinated blood, aspirating off the serum and washing the cells 
three or four times in normal saline solution.  After the last centrifugation, the 
preparations were brought to the original volume by the addition of normal saline 
solution.  Both extract and red blood cells were used immediately, or at latest 
on the following day after remaining overnight in the ice box. 
Each experiment was performed by mixing 1 cc. of red cell suspension  with 1 
cc. of testicle extract.  The mixture was incubated for 2 or 3 hours at 37  °.  As 
control a mixture of red cell suspension  and normal saline solution  was kept for 
the same length of time in the incubator.  The mixtures were centrifuged and the 
supernatant fluid aspirated off.  The red cells were then washed with saline solu- 
tion and, after centrifugation, brought to 2 cc. with it.  A drop of the suspension 
was added to 1 cc. of saline solution at various concentrations, 0.90 per cent, 0.85 
per cent, 0.80 per cent and so on down to 0.35 per cent.  The control material 
was treated in the same way. 
The amount of hemolysis of the red cells in each of the tubes was recorded, after 
they had been kept for about 30  minutes at room temperature and overnight 
in the ice box. 
Experiments with Testicle Extract 
In the first set of experiments, testicle extracts from rat, rabbit and 
guinea  pig were  tested  against  the  red  cells  of  each  of  these  three 
species.  The results with rat testicle extract are  shown in Table I. 
Table  II  shows  the  result  of the  experiments with  rabbit  testicle 
extract. 
The results of the  experiments with guinea pig testicle extract are 
shown in Table III. 
Tables I, II and III show that testicle extract considerably increases 
the fragility of red ceils.  The cells of each species are not, however, 
sensitive in the same degree to the action of testicle extract. 
These tests have been repeated several times, and the same results 
have  always  been  obtained.  It  will  be  noted  from  these  tables 
that  the  rat  cells  are  little  affected by any  of  the  testicle  extracts, GIOVANNI  ~FAVILLI  199 
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whereas  guinea  pig  cells  are  greatly  affected by  all.  Rat  testicle 
extract is the most active in increasing fragility, and guinea pig extract 
the least active.  In other words, within the limits of our observa- 
tions, the species giving the most active testicle extract has the least 
sensitive red cells.  The following table summarizes the action of the 
various testicle extracts against the several kinds of red cells. 
TABLE  IV 
Testicle extract 
Rat  ...................................... 
Rabbit  ................................... 
Guinea pig  ............................... 
Red blood cells 
Rat  Rabbit  Guinea pig 
4- 
4- 
++ 
+ 
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++++ 
+++ 
++ 
TABLE  V 
Hemolysis Induced by Rat Spleen Extract 
alt concentra- 
tion,  per  cent  .... 
ted  cells  of 
rat +  S. E. 
;ontrol 
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;ontrol 
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0.90! 
--I 
E).85 0.80 0.75 
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The action of rat testicle extract against guinea pig red cells is so 
intense that a direct hemolysis of the cells has consistently been found 
after  incubation.  Such  hemolysis has  only  occasionally  been  ob- 
served, and then only in a  minor degree, in  the case of mixtures of 
rabbit or guinea pig testicle extract with guinea pig red blood cells. 
Experiments with Spleen Extract 
The experiments of Duran-Reynals (1) have shown that extracts of 
several mesenchymatous organs and tissues yield results the opposite 202  EFFECT  OF  TESTICLE  EXTRACT  ON  RED  CELLS 
of those with extracts of testicle.  Instead of enhancing,  they either 
do not modify or they inhibit infection.  Spleen extract was notable 
in this respect, and hence the effect of spleen extract on red cells has 
TABLE  VI 
Hemolysis Induced by Rabbit Spleen Extract 
Salt concentration, 
per cent .... 
Red cells of rat 
+S.E. 
Control 
Red  cells  of 
rabbit  + 
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Control 
Red  cells  of 
guinea  pig 
+S.E. 
Control 
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TABLE  VII 
Hemolysis Induced by Guinea Pig Spleen Extract 
alt concentration,  I 
per  cent .........  0.90  0.35 
Red cells of rat 
+S.E. 
Control 
Red  cells  of 
rabbit  + 
S.E. 
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Red  cells  of 
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special interest.  Several experiments have been  carried  out  by the 
same technique used in the testicle extract experiments. 
Tables V, VI and VII show the results of the first series of experi- 
ments with  spleen extracts. The results of these experiments, as shown in Tables V, VI and VII, 
indicate in a general way that the action of spleen extract on red cells 
is very much less than that of testicle extract.  Each of the experi- 
ments has been repeated four times, and the results have been con- 
sistent.  Text-fig.  1 shows the average degree to which the limit of 
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Average of the results of the experiments showing the effect of 
testicle and spleen extracts on the fragility of red blood ceils of rat, rabbit and 
guinea  pig.  Shaded  areas  represent  complete  hemolysis;  cross-hatch,  partial 
hemolysis; bhnk spaces, absence of hemolysis. 
fragility is brought down by the action of testicle and spleen extracts, 
as indicated by the maximum salt concentration at which hemolysis 
is produced. 
In addition to the foregoing, another experiment was carried out to 
test the action of rat testicle extract against the red blood cells of three 204  E]FPECT  OF  TESTICLE  EXTRACT  ON  RED  CELLS 
normal  human  individuals.  The  extract  sharply  lowered the cor- 
puscular resistance in all three cases. 
In yet a third experiment with rabbit and rat red cells the effect of 
a purified bull testicle extract, which had proved very active in causing 
a  spread of India ink through the subcutaneous tissue, was  tested. 
The same lowering of corpuscular resistance was noted. 
Finally we  endeavored to  detect  a  possible  effect of rat  testicle 
extract on guinea pig blood in vitro,  by injecting the extract intra- 
venously and  comparing the normal resistance of the red cells with 
their resistance 2,  3 and 5 hours after  the injection.  No difference 
could be  demonstrated.  Negative results were also obtained when 
sheep blood cells, after a  contact of 1 hour with rat testicle extract, 
were added to fresh guinea pig serum, or, conversely, when they were 
added to rat testicle extract after having been sensitized by the specific 
amboceptor. 
DISCUSSION 
It  can be  concluded from these experiments that  testicle extract 
definitely increases red cell fragility, this action being more or less 
intense according to the animal species to which either testicle or red 
cells belong.  Whatever the mechanism of any process of hemolysis, 
in the final analysis it is always through a modification of the perme- 
ability of the red cells that hemoglobin escapes into the surrounding 
liquid.  Testicle extract has plainly the power in vitro to increase this 
permeability.  The  observation  gains  in  significance when  consid- 
ered in the light of previous reports (1, 2, 5, 6), showing that testicle 
extract increases tissue permeability.  That the factor which enhances 
the activity of infectious agents, the so called Reynals factor, is re- 
sponsible for these effects has yet to be proved.  But all the evidence 
thus far collected is in line with the view that it is responsible, and 
that the Reynals factor enhances the effects of viruses and bacteria 
through the local changes in cell permeability that it brings aboutin 
the tissues of the host. 
The fact that spleen extracts have little or no power to lower the 
level of red cell resistance is consonant with the observation of Duran- 
Reynals  (1)  that  these  extracts  fail  to  enhance  the  infectivity of GIOVANNI FAVILLI  205 
viruses and bacteria, to increase the spread of inert particles through 
the tissues. 
Many authors have been interested inwhether the spleen is endowed 
with hemolytic power.  The problem is important from the point of 
view of the pathogenesis of certain  forms of anemia and jaundice, 
and also in relation to  the much debated question of the origin of 
blood complement.  A hemolytic power of the spleen has yet to be 
conclusively demonstrated.  Korschum and Morgenroth (8), Donath 
and Landsteiner (9),  Metschnikoff (10),  Achard, Foix and Salin (11) 
and others have found in splenic extracts but a very slight hemolytic 
power, no greater than that shown by various other organs.  How- 
ever, the technique generally used in these  experiments was simply 
to mix spleen extracts and red cells and to observe whether or not 
hemolysis occurred.  In our experiments spleen extracts were found 
to have only a very Slight power of lowering corpuscular resistance. 
Others  have  noted--and  we  can  confirm  the  observationqthat 
occasionally  spleens  are  found  which  exhibit  a  marked  hemolytic 
power.  Whatever the reason for this power, it does not compare with 
that consistently shown by testicle extracts. 
CONCLUSIONS 
Testicle  extract  possesses  a  notable  power  to  increase  red cell 
fragility.  Testicle extracts of the rat,  rabbit and guinea pig all ex- 
hibit this property, which is most pronounced with the extract from 
the rat and least so with that from the guinea pig. 
Splenic extract does not possess the property, or possesses it only 
to a very slight degree. 
These  results  support  the  hypothesis that  the  factor  in  testicle 
extract  which enhances infections  (the  Reynals factor)  does so  by 
altering the permeability of the host tissue. 
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